As a rule, follow-up for at least one year is recommended for fracture studies. This is considered the shortest reliable interval. Still, in the case of hip fractures of the elderly, shorter follow-up might be more practical, since the life expectancy of these patients is often short. The aim of this study was to see if a short four months follow-up period would be acceptable in hip fracture surveys.
INTRODUCTION
Sufficiently long follow-up, usually for at least one or two years, is a common requirement in most or-thopaedic journals for studies on the outcome of treatment of fractures. This requirement is difficult to apply to studies on hip fractures in the elderly because mortality is high, and the number of cases available for analysis thus decreases rapidly over time. Furthermore, the functional abilities of hip fracture patients, which are often markedly poor even before the time of the fracture, deteriorate rapidly further due to natural age-related causes. This age impairment of function will distort the interpretation of the long-term outcome. In the studies on opera-tive methods and rehabilitation routines applied to hip fracture patients, follow-up times have varied from a few months to ten years. There is no consensus on the optimal follow-up time for hip fracture surveys.
Earlier studies on hip fracture treatment, which have used several follow-up points with the same functional variables, suggest that a substantial proportion of excess mortality occurs in the first two to six months following fracture (1-6), and that the main recovery of functions in the activities of daily living has been achieved by four to six months after the fracture (7-13).
Our aim was to evaluate if short four months' follow-up is adequate in studies on the treatment and rehabilitation of hip fractures using function, residence and activities of daily living as the main outcome variables. (17) were drawn from patient files and operation registers. There were 44 males and 152 females with a mean age of 79.0 years at fracture (Table 1) . Most of the patients were admitted from their own homes and were able to walk alone outdoors without any walking aids ( Table 2 ). The majority of fractures were cervical and were operated on with osteosynthesis or hemi-or total hip arthroplasty (Table 1). Gamma nail was the most common treatment for trochanteric fractures, and sliding hip screw was used by preference of the surgeon. Only 3 patients were in ASA category I, and most were in ASA category III.
Most patients were discharged from the primary hospital to rehabilitation units or health centre hospitals, and only 13 patients were primarily discharged into their own homes (Table 1) . Two patients died in the orthopaedic ward. The mean duration of hospitalisation on the orthopaedic ward was 7.7 days.
The four-month follow-up was performed using the same questions on ADL functions as on admission. The forms were filled in by the patient or, if the patient was unable to do it, by the study nurse based on a telephone interview. The completeness and validity of the forms completed by the patients were checked by the study nurse from the patient files or operation registers or by talking to the patients themselves or their relatives or the staff of the relevant institution over the telephone. The twelvemonth follow-up was carried out using the same inquiries and procedures as at four months.
Mortality data were obtained from the Finnish Census Register using the unique identification codes assigned to each Finnish citizen, and the coverage was 100 % complete for a one-year period. Reoperations were recorded on a special form.
Statistical analyses were performed by a statistician using the SPSS statistical software (SPSS for Windows, SPSS inc., Standard Version Release 9.0.1, 1999). The comparison of the different checkpoints was carried out using the analysis of repeated measures, which excludes data on patients not alive at the last follow-up. Statistical significances were calculated using a marginal homogeneity test for categorical variables and Wilcoxon's signed ranks test for continuous variables. A two-sided probability level of 0.05 or less was deemed to indicate statistical significance.
RESULTS
By one year after the fracture, 23 (15 %) patients had undergone a reoperation, of whom 18 had been reoperated within the first four months (p =0.063). By the four-month follow-up, 29 patients (14.8 %) had died, and by the one-year follow-up, as many as 44 patients (22.4 %) had died (p <0.001). The patients who died between four and twelve months had poorer functional capacity at four months than those who survived for twelve months; the surviving patients were more often living at their own homes (p =0.035), had better walking ability (p =0.004), used less often walking aids (p =0.005) and managed significantly better in some ADL tasks (dressing p=0.013, toileting p=0.028, transportation p=0.030) than the patients who died during the longer followup (Tables 2 and 3) .
The change in the residential status of the survivors between four months and one year was not statistically significant; all the patients who were able to return to their own homes had done so by four months ( Table 2) .
The patients' walking abilities were significantly (p =0.004) restored at the population level between four months and one year, but the changes in individual cases were not always positive (Table 2) . Ninety patients (59 %) retained the level of walking ability achieved at four months up to one year; forty patients (26 %) improved their walking ability and the walking ability of twenty-two patients (14 %) deteriorated. The use of walking aids did not decrease significantly after four months (Table 2) .
Generally, pain in the injured hip became less severe (p <0.001) between the four-month and oneyear follow-ups (Table 2) . This was independent of the type of fracture (cervical/trochanteric) and the operation method used.
Of the ADL functions, the abilities to dress, eat and cook improved and the need for special transportation services declined marginally but statistically significantly after four months of follow-up, but the abilities to bath, shop, do laundry and manage toileting, household chores and money matters remained unchanged (Table 3) .
DISCUSSION
Findings from the previous studies indicate that most of the recovery of the patients' functions takes place by four to six months (Table 4 ). Magaziner et al. observed only slight additional recovery in a few functional domains at the population level between six and twelve months, while most recovery occurred by six months (12) . In a later study he noted that recuperation times were specific to the area of function, ranging from approximately four months for depressive symptoms, upper extremity function and cognition to almost a year for lower extremity function (11) . Ceder et al. found that the proportion of patients living at their own homes and managing the basic ADL or household functions did not markedly increase between four months and twelve months after the fracture (8). In the study of Koval et al., 84 % of patients, who were home-dwelling before the fracture, had been independent in all basic activities of daily living before the hip fracture (10) . The proportion of patients who recovered to the baseline level increased notably between three and six months but only marginally between six and twelve months. Borgquist et al. concluded that ADL, walking ability and household activities remained at the level already achieved within four months after the fracture during the ten-year period for which they prospectively followed up patients admitted from their own homes (7). Our data also suggest that most of the recovery after a hip fracture occurs during the first four months. The proportion of patients living at their own home at the four-month follow-up has varied in different reports from 40 to 82 % (18) (19) (20) (21) (22) and the corresponding percentage at one-year follow-up from 44 to 86 % (21) (22) (23) . Our figures, 58 % and 56 %, fall between these ranges. The marked variation is probably due to cultural differences and the availability of institutional care in different countries.
The changes noted in patients' residential status after four months in the previous studies are not systematic. Kitamura (19, 22, 23) . Our finding of a 3%decrease is in agreement with the latter reports. Thus, it can be concluded that four months seems to be a sufficient follow-up time for residential status as a functional outcome variable in view of the fact that mortality changes the outcome over time.
Comparison of the changes in walking ability between four and twelve months with the previous studies is difficult due to the variation in scoring methods and follow-up points. However, walking ability seems to improve slightly in most reports (Table 4), (7, 11, 12, 21) , as it also did in this study. After all, it seems that the majority of patients recover their pre-fracture walking ability within four to six months following the surgery.
The use of walking aids is not frequently used as an outcome variable in hip fracture surveys. This variable is strongly influenced by the local and national health care system and resources. Magaziner reported that 26 % of patients were able to walk unaided at two months and 54 % at twelve months (12) . In the study of Rogmark et al., the use of walking aids decreased significantly between four and twelve months but increased again between twelve and twenty-four months to the same level as at four months (24) . It is notable that, while the present patients' walking ability improved between four and [ 13] . e Adapted from figures 2 and3in [21] . f Adapted from figure 1 in [20] . g Adapted from figure 2 in [24] . twelve months at the population level, the use of walking aids did not decrease equally. This may imply that the patients become somehow accustomed to their walking aids, that the use of walking aids is not an equally good indicator of function as walking ability, or that the change in walking ability after four months is only marginal. In our study, the patients surviving for one year regained four out of ten ADL functions between four months and one year. Ceder et al. found no remarkable changes in ADL functions between four and twelve months (Table 4 ) (8). Koval et al. reported that 59 % had recovered to their pre-fracture level of basic ADL at three months, 71 % at six and 73 % at twelve months (10) . Their respective percentages in instrumental ADLs were 53 %, 42 % and 48 % (Table  4 ). Magaziner et al. noted an increase in the proportion of patients who attained their pre-fracture level of functioning between two and six months following discharge in most tasks. Later, between six and twelve months, no change was observed in any task (Table 4 ) (12) . In his later study, recuperation times were 4.3 months for upper extremity physical ADLs and 11 months for lower extremity physical and instrumental ADLs (11) . However, recovery appeared to be concentrated in the first six months, with only minor gain observed thereafter (11) . According to Borgquist et al., ADL functions remained fairly stable from four months postoperatively to up to ten year (Table 4) (7). Thus, it seems that most ADL abilities are regained during the four to six months, and that only minor further improvement may occur hereafter, which is in agreement with our results.
Pain in the fractured hip is a relatively rarely reported outcome variable in hip fracture surveys. While it is a very subjective experience and therefore difficult to study and interpret, it is important for frail, elderly patients even when it prevents activity, thereby impeding rehabilitation. In our study, the proportion of painless patients increased after four months and the proportion of patients who experienced pain limiting their activity decreased similarly by one year. Likewise, Rogmark et al. found that the percentage of patients reporting pain on walking decreased steadily after four months up to twenty-four months (24) . The proportion of painless patients at one year in our study is in line with the 46-67 % reported earlier (25) . At any rate, pain in the injured hip seems to subside slowly after the operation. However, it does not seem to reflect in patient's function to great extent.
It is noteworthy that, in most of the previous studies using several checkpoints, the results are given as fractions of surviving patients at each follow-up point. Only Koval et al. and Magaziner et al. seem to have evaluated at each checkpoint the function of only those patients who were alive at the end of the study, as done here (10) (11) (12) . We observed that the patients who died between four and twelve months were among those with the poorest functional capacity in the four-month evaluation. If this fact is overlooked, it may seem that the functional capacity of the patient population improves markedly over time. Therefore, attention should be paid to the use of an adequate statistical method, i.e. analysis of repeated measures, which excludes data on patients not alive at the last follow-up and reporting methods used accurately.
Functional outcome is very important in the elderly. It can be assessed using inquiries or telephone interviews, which helps to avoid stressful visits to the outpatient clinic by the physically impaired patient. Here, we performed the follow-up using questionnaires completed by the patient or by a research nurse during a telephone interview. A similar approach has been used in many previous studies (15, 16, (26) (27) (28) . There is no evidence to suggest that a personal interview at a follow-up visit and a clinical examination and radiographs would improve the reliability of the functional outcome measurements used in this study.
It is concluded that residential status and 6 out of 10 ADL domains do not change, while the remaining 4 ADL functions improve slightly after the first four postoperative months. Walking ability also improves marginally; a few patients walking only indoors at four months also walked out of doors at twelve months. When the outcomes at the different time points are compared, only the patients alive at the last follow-up point should be included in the analysis, and analysis of repeated measures should be used. Due to high mortality and deterioration of functioning, both caused by advanced age, no steady state in function is ever reached, and four-month follow-up is justified as the shortest feasible alternative.
